Abstract: In order to establish standard norms for the Pakistani population, we investigated the geomorphometrics of tooth size and arch dimension using a conventional digital caliper (DC) and a digital stereomicroscope (SM). The sample consisted of 128 subjects ranging in age from 18 to 24 years. A total of 44,155 variables were measured. Dental models of each subject for maxillary and mandibular arches were scanned via Hirox digital stereomicroscope for the fabrication of the digital models, and the geomorphometrics of tooth size and arch dimensions were measured via SM scanned digital models. All the measurements were also carried out via DC on plaster dental models. Sex differences and changes associated with methods were assessed, and interrelationships between different variables were explored within the study group. For the data obtained by DC and SM techniques, the men had significantly larger arch dimensions and geomorphometrics of tooth size than the women did. There were no significant disparities observed between the techniques. The developed norms for the mesiodistal, buccolingual, diagonal tooth sizes and arch dimension had significantly greater values for males in relation to females (*pd" 0.05 to ***pd" 0.001). This study has established a new reference database of tooth size and arch dimensions via both DC and digital SM for first time on Pakistani population. These norms will be helpful for clinical treatment planning in dentistry. Contemporaneously, the norms will be of great value to forensic dentists and dental anthropologists for making comparisons within and between different populations.
Introduction
Malocclusion is a common dilemma in all populations.
Although the nature of malocclusion varies in different population, but teeth size and arch length inconsistency are considered to be an important etiological factors 1) . The teeth size and arch dimension are of preponderant importance in the various dental specialties such as Orthodontics, Prosthodontics, Forensic Dentistry and Dental Anthropology.
Nature has given an ideal balance between the maxillary and mandibular teeth size that should be attained for the ideal occlusion and aesthetics, especially in relation to the finishing phase in orthodontics [2] [3] [4] . There is obvious population variation in the pattern and magnitude of sexual dimorphism [5] [6] [7] . Teeth in relation to sexual dimorphism have been of prodigious importance to anthropologists and forensic odontologists as well as the focus of many studies for gender assessment 8, 9) . Conventional caliper was used by researchers to investigate tooth dimension, to identify the sexual disparities through mesiodistal 4, 10, 11, 12) , buccolingual 9, 10, 11, 12) and diagonal crown 13) diameters of teeth. Geomorphometrics is the quantitative approach that refer to the morphology of an entity depends on landmarks.
This technique resolves numerous problems accompanying with out-of-date methods of measurements 14) .
The aim of the current study was to investigate the geomorphometrics of teeth size and arch dimension analysis by dimension of the maxilla and mandible, correspondingly to reconnoiter the following objectives for the first time in Pakistani population.
To determine the significant differences in measurements obtained via DC and SM.
To develop tooth geomorphometric norms usingMesiodistal crown diameter
Buccolingual crown diameter Diagonal crown diameter
To develop arch dimension norms of maxilla and mandible using DC and SM To compare the mesiodistal, buccolingual and diagonal crown diameters of the maxillary and mandibular arch between right and left sides
To evaluate the amount of sexual dimorphism
Materials and Methods

Subjects
All participants provided their written informed consent. Ethics approval was obtained from the Ethics Committee of the Universiti Sains Malaysia (USM/JEPeM/140376). This study was designed and conducted according to the guidelines of strengthening the Reporting of Observational studies in Epidemiology (STROBE), and we applied the STROBE specification in this manuscript 15) .
Sample size calculation
The sample size was calculated at the power of 80 %, alpha 0.05, estimated standard deviation 0.60mm 16) , mean difference, biologically meaningful 0.3 mm, and equal sample size were taken by utilizing the PS software 17) . The calculated sample size was 64 males and 64 females (m=1).Total 44,155 variables were measured with the following inclusion and exclusion criteria.
Inclusion criteria
Subjects were from the Pakistani population determined via interviews with mutually paternities and ancestors without any multi-ethnic nuptial. Age ranges from 18 to 24
Subjects with all sound erupted permanent teeth (except third molar), with no history of previous orthodontic treatment.
Class I incisor relationship according to British Standards Institute
Class I molar and canine relationship No crowding, cross bite and spacing Straight profile (identify by examining the profile view) no craniofacial anomalies
Exclusion criteria
Inter proximal caries or restoration Missing or supernumerary teeth
Abnormal size or morphology of teeth Teeth wear that affect the tooth size measurement Damage casts Oral examinations were carried out with a vigilant assortment of participants. Cross-examination of subjects was performed to minimize selection bias and error; experienced orthodontist and dentists participated throughout the screening sessions. Dental impressions of the upper and lower arches of each subject were taken with alginate impression material (Zhermack Orthoprint alginate ISO 1563 -ADA 18 Italy) and poured with dental stone (Type III hard plaster quick stone China). The impressions were poured with dental stone within an hour. The set dental casts were disinfected by immersion with 0.5% sodium hypochlorite for 10 minutes and labeled.
Measurement of tooth size and arch dimensions
These measurements were carried out for tooth size and arch dimension via two methods as below:
Measurement via SM technique
Dental models of each subject for maxillary and mandibular arches were scanned via Hirox digital stereomicroscope (HIROX KH7700 Japan) for the fabrication of the digital models (Fig. 1) . Geomorphometrics of tooth size and arch dimensions were carried out via SM scanned digital models. SM was proven as valid 18) and reliable tool for such measurements with the accuracy of 0.1×10 -6 , while manual and digital sliding caliper can measure with the accuracy 0.01 mm, respectively. The acquisitions of measurements for teeth size and arch dimensions were as the following:
Teeth size measurement for maxillary and mandibular arches Mesiodistal crown diameter (Fig. 2a) The mesiodistal crown diameter of the tooth was measured from anatomical contact of one tooth to another on occlusal side perpendicular to the long axis of the teeth 1, 4, 11, 19, 20) . Buccolingual crown diameters (Fig. 2b) Buccolingual crown diameters recorded as the greatest distance between buccal/labial and lingual surfaces perpendicular to the occlusal plane 11, 21) . Diagonal diameters (Fig. 2c) The measurements were taken with morphometric points through the largest distance between the mesiobuccal to distolingual (MBDL) and distobuccal to the mesiolingual (DBML) points of the crown 13) .
Arch dimension for maxillary and mandibular arches 18, 19) Arch perimeter (Fig. 3 a1) The sum of fragmental lines from right and left side of the arch (these segments are starting from the distal contact of the Arch Length (Fig. 3 a2) Transverse line connecting between three points, as from the mesio-buccal cusp tip to the mesio-buccal cusp tip of the opposite side of first permanent molar and the line then protracted from both side anteriorly to the centre point between the central incisors for both the maxillary and mandibular arches. Arch width (Fig. 3b) Inter canine widths were obtained from cusp tip of one side to the opposing side cusp tip.
Inter 1st premolar and 2nd premolar widths were obtained from buccal cusp tip to the buccal cusp tip of the contralateral side.
Inter first molar width of the maxillary and mandibular arches were obtained from the mesiobuccal cusp tip of right side to the left side.
Measurement via DC technique
The measurements for teeth size and arch dimension were carried out via DC (Mitutoyo, Japan).
Teeth size
Teeth size measurements were obtained for the mesiodistal 4, [9] [10] [11] (Fig. 4a) , buccolingual [9] [10] [11] [12] (Fig. 4b) , and diagonal 13) (Fig. 5) crown diameters.
Arch dimension
Maxillary and mandibular linear arch dimensions were measured for the arch perimeter (Fig. 6a ), arch length (Fig. 6b) , and arch widths (Fig. 7) inter canine, inter first and second premolars, and inter first molar area.
Error study 20 % of dental cast were randomly selected for intra observer errors. The time interval between the first and second reading were approximately 2 weeks.
The method error was analyzed by the Dalhberg's formula:
Where x 1 is the first measurement, x 2 the second measurement and n=1 the number of sample repeated 22) .
Statistical analyses
Descriptive data were verified and analyzed statistically using IBM SPSS Statistics Version 22.0 with significance level set at 5% (P<0.05). An independent samples t-test was used to evaluate differences in sex. The paired sample t test was used to determine differences in teeth size between the right and left side of the maxillary and mandibular arches, and difference in techniques between DC and SM.
Results
Error of the method for DC and SM measurements
The method error was analyzed by the Dalhberg's formula, *FDI notation; SM, hirox digital stereomicroscope; CI, confidence interval; SD, standard deviation; Mean diff., mean differences; (***pd" 0.001), (**pd" 0.01) and (*pd" 0.05).
arch dimension data between DC and SM techniques. There were no significant disparities observed between the both techniques. Tables 6, 7, 8, 9 and 10, and Tables 11, 12 , 13, 14 and 15 show tooth size and arch dimensions comparisons between males and females for DC and SM techniques. The developed norms for the mesiodistal, buccolingual, diagonal maxillary, diagonal mandibular and arch dimension respectively with significantly greater values for males in relation to females (*pd" 0.05 to ***pd" 0.001). 
Teeth size and arch dimension norms and inter sex disparities
Discussion
Teeth size has been extensively deliberated by means of ordinary morphometric technique. Progresses in digital acquisitions and scanning have relieved the route to captivate such measurements, and have furthermore made it promising to record the location of landmarks as structured. Some scholars have used these thoughts to study teeth size in two-dimensional (x, y) directs from a photographic acquisition 23, 24) . Benefits of geomorphometrics have been utilized to evaluate and look out the effect of different types of mechanics on the treatment of class II division 1 malocclusion 25, 26) . Size and shape of human molars were also investigated, analyzed and compared via traditional and innovative geomorphometrics techniques; in addition to that the dental arch shapes were also investigated by the same techniques 26, 27) .
Several studies in relation to teeth size; mesiodistal [28] [29] [30] [31] buccolingual 32) and arch dimension 28, 33, 34) has been done on the Pakistani population by sliding caliper but no one used the diagonal teeth dimension and digital models for such investigations [28] [29] [30] [31] .
The current study demonstrated the mesiodistal, buccolingual, diagonal maxillary, diagonal mandibular and arch dimension via conventional DC and for the very first time through a new SM digital models technique.
There were no significant differences observed in the data acquisition via both suggested methods. Our study provided the odontometric norms for teeth size and arch dimension of the maxilla and mandible. Teeth size and arch dimension also showed sexual disparities with the males showed the greater values for all measurements. The current study revealed significant sexual disparities for the mesiodistal tooth width are in accordance with other studies [35] [36] [37] . However, some other studies have reported no sexual disparities for mesiodistal tooth width [38] [39] [40] [41] . In relation to mesiodistal and buccolingual crown diameters, current study showed sexual disparities, which is consistent with published studies for various ethnic groups 9, 11, [42] [43] [44] [45] 46) . Current study showed norms for diagonal crown diameters where male teeth were larger than female. Our results are in agreement with various studies formerly carried out by means of odontometric measurements with the avowal of sexual disparities 11, 13, [47] [48] [49] . Arch dimensions of the maxilla and mandible were also measured. The arch dimensions showed sexual disparities, with the male having the larger arch dimension than in female like other investigator 50) . Side differences were reported by various researchers for maxillary and mandibular arches 31, [51] [52] . However others found no significant side differences in tooth size comparison 19, 28, 53) . For the comparison of the right and left side maxillary and mandibular teeth size, we observed the asymmetries only in the mesiodistal width of the lateral incisors, canine and first premolar in maxilla and lateral incisor in mandible .
SM repossession is reckless and effectual because the digital models can be stored according to subject numeric data. An addition, it is possible to view digital models at numerous whereabouts linked to internet 18, 20, 54 ), SM allowing patients to be treated at multiple locations with calm admittance of clinician and researcher to their records. The digital data for dental model can be warehoused on an organization CPU's hard drive, on movable flash drive and CDs. These new digital models untangle many snags come across with conventional plaster study models Recent state-of-the-art innovations have enhanced the process of cast fabrication and manipulation 55) . In comparison to SM the DC has the shortcoming like, time consumption, difficulty in placement of device by operator, very prone to error and also the damage to the dental models due to its sharp beaks were common. The same time the measurement via DC is manual, cause the corporeal mutilation and create dust or extra muddle.
Our study provides a database of tooth size and arch dimensions from both measurement techniques for first time on Pakistani population. These norms will be helpful for the clinical treatment planning in orthodontic, prosthodontics, and restorative dentistry. Contemporaneously the norms will be of great value in forensic dentistry, and dental anthropology.
In conclusion, there were no significant differences observed in the data acquisition via conventional DC and SM. Norms were developed based on DC and SM, the teeth size were quantified inMesiodistal crown diameter.
Buccolingual crown diameter. Diagonal crown diameter.
Norms were developed for the arch dimension of maxilla and mandible based on DC and SM techniques.
There is no difference between the right and left side of the maxillary and mandibular teeth except for the few variables in mesiodistal crown diameters.
Mesiodistal, buccolingual, diagonal teeth crown diameters and The developed norms will be help-full adjunct in orthodontic treatment planning for; tooth size discrepancies, tooth size and arch length discrepancies.
